In this work, an impact experiment on an aluminum plate is implemented to localize the impact points. A small steel ball is dropped on an Aluminum plate to generate acoustic emission signals acquired by 9 PWAS transducers distributed across the plate. Two possible options exist for determining the time of flight (TOF). The first option is determining the TOF of the starting point of a signal (method 1). The second option is determining the TOF at the location of the maximum signal value (method 2). In our work, both method 1 and method 2 are examined comparatively. Based on the number of PWAS transducers, six networks are created to localize the impact points separately. The first network (Network 1) has four PWAS transducers (the minimum number of PWAS transducers to localize an impact point on a plate with unknown wave velocity). The second one is created by adding the fifth PWAS transducer to the Network 1. The same procedure designs the other networks. The effect of increasing the number of PWAS transducers on the percentage error of the calculated location of an impact point is examined. The continuous wavelet transform (CWT) of the signals are calculated with AGU Vallen wavelet program to determine the TOF of the signals. The results show that the method 1 of determination the TOF has fewer percentage errors than the method 2. The percentage errors of calculated locations of impact points decrease with increasing the number of used PWAS transducers.
INTRODUCTION
The structural health monitoring (SHM) is a particular process implemented in the inspected structure to identify and assist the damage [1] . In recent years, the SHM system of aerospace vehicles is developed to investigate and localize any impact events on their structures. These events caused a visible or invisible damage [2] . The acoustic emission (AE) waves, due to stress waves, are acquired by acoustic emission sensors which are fixed at different locations on the surface of the material. Based on these received signals the acoustic emission technique is used to localize the source of AE waves [3] . The AE caused by the growth of the fatigue crack is studied extensively using the physics based approach [4, 5] . The most common techniques are explained for localization acoustic emission sources in plates. Some of these techniques are used only for isotropic materials, like the triangulation technique, and some of these are used for both isotropic and anisotropic materials. Also, the advantages and disadvantages of described methods are discussed [6] . The source of AE is localized in a two dimension plate by determining the difference in arrival time for an array of three sensors on a structure [7] . For in situ SHM, a new system is used to localize the acoustic emission (AE) sources in an anisotropic structure by using six piezoelectric sensors and Continuous Wavelet Transform (CWT) to determine the time of flight (TOF) for every received signal. The impact location is determined by solving a set of nonlinear equations [8] . This paper implements an impact experiment on an isotropic plate to localize the impact points. Based on the determination of the time of flight, two methods are examined comparatively. The effect of increasing the number of sensors on the percentage errors of calculated results are studied.
TRIANGULATION ALGORITHM AND TOF OF AN AE SIGNAL

Triangulation algorithm
The triangulation technique is used to localize the acoustic emission source on an isotropic plate. The equation (1) is used to determine the surface coordinates of the AE source point [9] .
If the wave speed (c) is unknown (unknown material properties), the above equation represents a set of four nonlinear equations ( = 4) with four unknowns ( , , , 0 ). The unknown variables are the impact point coordinates, ( , ), the wave speed, c, and the trigger delay, 0 . The known terms are the sensor's coordinates, ( , ) and the time of flight (TOF) of the received signals, . Figure 1 shows the triangulation technique with four sensors to indicate the coordinates of impact point (p). 
Time of flight (TOF) of an acoustic emission (AE) signal
Two possible options exist for determining the TOF value of an AE signal: (a) TOF = starting point of the signal (method 1) (b) TOF = location of the maximum signal value (method 2) The Continuous Wavelet Transform (CWT) of the signal is calculated with AGUVallen Wavelet, a freeware software program [10] . It has a Gabor function as the "mother" wavelet. The CWT plot is very helpful to determine the time of flight (TOF). Also, it is clearly explaining the features (TOF, frequency, and amplitude) of signals. In this work, the TOF by method 1 is determined at frequency 58 kHz and by method 2 is determined at frequency 21 kHz. Figure 2 shows the waveform and the CWT plot of the AE signal of impact point#1 received by PWAS #1.
EXPERIMENTAL AND SENSORS NETWORKS SETUP Experimental Setup
The following experiment is implemented to predict the AE sources which are generated by small ball impacts at different points on the plate. In this experiment, an aluminum plate with dimensions 914 mm × 503 mm × 1mm instrumented with a network of 9 PWAS transducers (see Figure 3) . A small steel ball (0.33 g) is dropped from a height of 50 mm through a small plastic pipe on the plate at different known positions. The generated AE signals are received by 9 PWAS transducers and recorded by three Oscilloscopes. Based on the equation 1, four PWAS transducers at least are used to detect the location of impact points. To study the effect of increasing the number of PWAS transducers on the percentage errors of the calculated impact points coordinates, six networks with a different number of PWAS transducers are investigated.
Networks of PWAS transducers
In this experiment, nine PWAS transducers are distributed on six networks to calculate coordinates of the impact points. The first system (network 1) contains four PWAS. The second system (network 2) is created by adding the fifth PWAS transducer to the first system. The same procedure creates the others networks: 
RESULTS AND DISCUSSIONS
Three impact points (point#1(275,287.5), point#2(600,300) and point#3(700,150)) are detected experimentally using nine PWAS transducers and triangulation algorithms. The location errors ( ) of calculated impact points are determined by using the equation 3 [8] . 
In above equation, A and B are the diagonal distances of the Quadrilateral which has PWAS transducers #1, #3, #7 and #9 on its corners. With the equation 4, the percentage error becomes independent with the position of the reference point. Based on the two methods of determining the TOF of AE signals, the calculated location for every impact point is determined two times and based on the six networks, the estimated location for every impact point is determined six times. So, every impact point is localized twelve times. Table I and Table II show the results of calculated coordinates of impact point#1 using six networks for method 1 and method 2, respectively. The results of this current work are presented in the Figure 5 . The plot shows the percentage errors as a function of the number of PWAS transducers using the method 1 and method 2 for three impact points. The Network 6 has fewer percentage errors than other networks. The method 1 has fewer percentage errors than method 2 The source location results for three impact points on the whole plate are shown in the Figure 6 with the zoom in local areas of the impact points: point#1 and point#3. 
CONCLUSIONS
The triangulation algorithm is used to localize the source of the acoustic emission on the aluminum plate (unknown mechanical properties) due to the impact of a small steel ball. Nine PWAS transducers are distributed across the plate to receive the acoustic emission signals. The continuous wavelet transform (CWT) of each signal is calculated to indicate the TOF. The time of flight of an AE signal is determined by method 1(at the starting point of the signal) and by method 2 (at maximum signal value). Based on the number of PWAS transducers, which are used to localize the impact points, six networks are investigated to study the effect of increasing the number of PWAS transducers on the percentage errors in the location of calculated impact points. The results show that the percentage errors in the location of impact points decrease with the increase in the number of used sensors. The calculated results by the method 1 have fewer percentage errors than the calculated results by the method 2.
